Experimental Study on Corrosion Characteristics of CO2 Pipeline for Offshore Transport and Geological Storage  by Cho, Meang-Ik et al.
 Energy Procedia  63 ( 2014 )  2442 – 2447 
Available online at www.sciencedirect.com
ScienceDirect
1876-6102 © 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the Organizing Committee of GHGT-12
doi: 10.1016/j.egypro.2014.11.266 
GHGT-12 
Experimental Study on Corrosion Characteristics of CO2 Pipeline 
for Offshore Transport and Geological Storage 
Meang-Ik Choa, Cheol Huha*, Seong-Gil Kanga, Jong-Hwa Baeka 
aOffshore CCS Research Unit, Korea Research Institute of Ships & Ocean Engineering(KRISO)  
32 1312beon-gil, Yuseong-daero, Yuseong-gu, Daejeon, 305-343, Republic of Korea 
Abstract 
Among the technologies, CCS (Carbon dioxide capture and storage) technology is assumed and arising as crucial technology for 
reducing anthropogenic carbon dioxide and bridging to hydrogen economy. CCS technology includes carbon dioxide capture on 
the large point source, transport of captured carbon dioxide stream and storage of carbon into safe geological formations. Among 
the CCS processes, capture side is developing with many demonstration projects, focusing on the efficiency improvement of wet 
and dry absorbents, material improvement for membrane, construction cost down, etc. But in transport side, the technology is in 
the initial stage. In Korea, site surveys are mainly focused and operated on the offshore saline aquifers in the east sea of Korea and 
rather few surveys are processed in the on land side. For the offshore carbon dioxide geological storage, there are two options for 
transportation, using pipeline or ship. To utilize the offshore pipeline it is possible to use high chrome steel alloy to response to 
seawater corrosion, though the cost for construction might take huge budget for installation mainly cause of material cost. Otherwise, 
we considered it might be possible to apply the anti-corrosion coating outside of the carbon steel pipeline to mitigate seawater 
corrosion and to reduce the cost, so to secure steady and robust operation of offshore carbon dioxide transportation with little 
concern of corrosion issue. In this study, we investigated the possibility of using carbon steel pipeline with internal phosphate 
coating and external thermal spray coating as candidate for the offshore carbon dioxide transportation pipeline material. The base 
material for this study is carbon steel. The pipe internal corrosion test was conducted with fluids of CO2 mixture with additives of 
water and SO2 gas, and the external corrosion was carried out with 3.5%w NaCl solution. In the case of internal corrosion, all the 
specimens resulted in corroded surface with rust covered when SO2 was injected over 175 ppmv. In the case of external corrosion, 
zinc thermal spray with epoxy coating showed that more epoxy sealer is remained than aluminum thermal spray coating. The test 
result will be used to figure out economically efficient and safe candidate pipeline material. 
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1. Introduction 
CCS is assumed as one of key technology to mitigate global warming and climate change. CCS technology includes 
three main process such as capture, transport, and storage.  
In Korea, the population density is rather high and major carbon dioxide emission sources like power plants and 
steel makers are located in shore side, so the possibility of storing CO2 in offshore geological formation is rather 
high[1]. With assumption of offshore CCS the corrosion of pipeline is one of major issue in transport process. The 
corrosion issue occurs both inside and outside of CCS pipeline, cause of NOx or SOx for inside and seawater for 
outside of pipeline.  
In this study we tried to simulate both inside and outside corrosion behavior of CCS pipeline. Firstly the internal 
fluid with SOx and NOx were used to simulate the corrosion by CO2 mixture stream. Especially to simulate accelerated 
corrosion case the water was injected with the amount near or over the water solubility of the test condition. Secondly 
the outside surface of pipeline in the NaCl solution atmosphere with various anti-corrosion coating were 
experimentally tested to figure out the corrosion behavior. The result of this study will be used as base data for transport 
corrosion research and will be updated later with actual pipeline materials. 
2. Experimental apparatus and test condition 
The test specimens of internal corrosion in Fig. 1 are zinc phosphate coated seamless tubes with base material of 
carbon steel. One of the side is plugged with same coated plug fitting, and the other side is connected to valve union 
and on-off valve. The test condition is internal pressure of 100bar and ambient temperature of 29Ȕ The working fluid 
is CO2 mixture with H2O and SO2. The composition of each test case is described in Table 1. During experiment, test 
specimens are moved as seesaw, as the photograph of test apparatus in Fig. 2. 
Table 1. CO2 mixture concentration of each test case 
Case No. 1 2 3 4 5 
H2O (ppm) 2500 2500 2500 4500 4500 
SO2 (ppm) 0 550 175 175 550 
 
The test specimen for external corrosion of pipe is flat carbon steel panel with Zinc and Aluminum thermal spray 
coating individually. To seal the pore of thermal spray coating epoxy sealer was used with thickness of 20 micro meter. 
The detailed procedure and test condition is described in previous work[2], and short description is as follows: ambient 
temperature of 80Ȕ, 3.5%w NaCl solution, all the surface covered with thick silicone beside the coated area.  
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Fig 1. Photograph of test specimen (Zinc phosphate coated steel tubes) 
 
  
Fig 2. Photograph of test specimen rotating facility 
 
3. Result 
As mentioned above we tried to figure out the severe internal corrosion case of CCS pipeline. So the injected water 
concentration is injected near or over the solubility concentration of pilot or commercial scale CCS project. 
As shown in Fig x, it seems to be corrosion rate increases as water and SO2 concentration increases. The most 
severe corrosion condition of SO2 is case 5, and Fig. 3(f) of case 5 shows uniformly corroded surface with locally 
deposited thick rust spots. Case 3 is the least gas injected amount case in this study among SO2 cases, with 2500 ppmv 
water and 175 ppmv SO2. The case 3 specimen shows rather horizontally uniform corrosion surface with rust covered, 
and seems to be got smoother corroded surface than case 5. The specimen of case 2 with 2500 ppmv water and 550 
ppmv SO2 shows uniform corrosion in the whole surface with localized in-depth pit corrosion. The corrosion result 
observed in NO2 injected cases will be further studied to figure out in future work with the analysis of the pit depth, 
rust species, and coating morphology. 
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Fig 3. Photograph of test specimens of pipe internal corrosion test;  
(a) original phosphate coated specimen; (b) case1; (c) case2; (d) case3; (e) case 4; (f) case5; 
Fig. 4 shows the SEM images of the test specimens for external corrosion of CO2 pipe with thermal spray coating. 
We examined the thermal spray coating with epoxy layer for sealing the pore in thermal spray coating. The ambient 
temperature was 80Ȕ and test duration was for 2 weeks. The detailed description of test procedure and condition is 
in the previous work of Huh et al[2]. As shown, the epoxy coating layer is remained in the whole surface of Zinc 
thermal spray coating, though partly delaminated and partly exposing the thermal spray coating layer. On the other 
hand, Aluminum spray coating specimen shows that only a few part of epoxy coating is locally remained and most of 
it is delaminated with exposing the thermal spray coating. This might indicates that the epoxy pore sealing layer is 
better applicable in Zinc spray coating. This tendency is also observed in EDS spectrum result in Fig. 5. The counts 
of peak of C is higher in Zinc spray coating then in Aluminum spray coating, with each value of 46 atomic percentage 
in Zinc spray coating and 32 atomic percentage in Aluminum spray coating. In future work, with varying pore sealing 
material as well as spray coating material species and ratio, more in-depth study of pipe external corrosion in seawater 
condition will be conducted later on. 
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Fig 4. SEM images of thermal spray coating with silicone coating before and after immersion corrosion test in NaCl solution for 2 weeks[@; 
(a) Before test, Zn200ȝm with epoxy 20ȝm; (b) After test, Zn200ȝm with epoxy 20ȝm; 
(c) Before test, Al200ȝm with epoxy 20ȝm; (d) After test, Al200țm with epoxy 20țm; 
 
Fig 5.  EDS spectrum of test specimens after immersion corrosion in NaCl solution; 
(a) Al200ȝm with epoxy 20ȝm; (b) Zn200ȝm with epoxy 20ȝm 
(a)
(b)
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4. Conclusion 
We carried out both internal and external corrosion test with candidate CO2 pipe material and coating. In the case 
of internal corrosion, all the specimens resulted in corroded surface with rust covered when SO2 was injected over 
175 ppmv. In the case of external corrosion, zinc thermal spray with epoxy coating showed that more epoxy sealer is 
remained than aluminum thermal spray coating.  
The specimen and test condition will be extended to figure out actual pipeline candidate material and simulate their 
corrosion behavior. 
Acknowledgements 
This research was a part of the project titled "Development of Technology for CO2 Marine Geological Storage" 
funded by the Ministry of Oceans and Fisheries, Korea. 
 
References 
[1] Huh C. Kang SG, Park MH, Lee KS, Park YG, Min DJ, Lee JS. Latest CO2 transport, storage and monitoring R&D progress in Republic of 
Korea: offshore geologic storage. Ener Proc 2013; 37; 6520-6526 
[2] Huh C, Cho MI, Kwon JT, Kwon YC. Study on the immersion corrosion characteristics of thermal spray coating for sea water heat exchanger, 
J Kor Acad Indus Coop Soc 2014; 15; 32-38 
 
 
